EXTRACTION OF APPLE JUICE frozen. The advantages of this method have been demonstrated by Dixon and Atkins [1913] , and though some doubt exists as to certain of their conclusions [Haynes 1919 ], yet they show clearly that the sap from untreated tissues is more dilute than that from tissues which have previously been exposed to low temperatures, indicating that some or all of' the constituents of the sap are held back in some measure by the untreated pulp. It is possible however that tissues which have been frozen, although considerably more permeable than untreated tissues, still hold back some constituents of the juice. Dixon and Atkins made no attempt to ascertain whether this is the case.
The following experiments have therefore been undertaken with the object of determining how far the sap obtained from apples after freezing and pressing is uniform, i.e. whether the first runnings from the press are similar in composition to those obtained later, or [1913] ).
METHODS OF EXTRACTION.
The method adopted for extraction was to press out the juice after the tissues had been killed by freezing in an ordinary freezing mixture of ice and salt. A small handpress, worked on the lemon squeezer principle, and provided with a screw, was used. A thin filter cloth was found to be necesary, and this was saturated with the juice before collection of the sample. The apples were peeled, cut up, and frozen in stoppered jars, and were usually left in the cold for about 16 hours. To ensure uniformity, the frozen pulp was thoroughly mixed before pressing. It was found that the sap obtained by this method from similar samples of pulp gave closely concordant results.
The following points were investigated:
I. Whether rapid freezing by the use of liquid air produced any alteration in the character of the sample. It is possible, as has already been stated, that chemical changes may occur during the somewhat prolonged process of freezing in an ordinary freezing mixture. It is also possible that further disruption of the cell membrane may take place when liquid air is used, and that this may affect the character of the sap. For the purpose of comparison, a uniform sample of pulp was divided into two portions, one of which was immediately frozen in liquid air, and pressed out as soon as it had warmed up to the temperature of the laboratory. The other portion was left overnight in a freezing mixture, and -then treated in the same way. The chemical and physical properties of the two samples of sap thus obtained were compared. The apples on which these experiments were carried out had been kept in cold store for some months, and it is possible that they varied among themselves more than would have been the case had they been more recently picked. Several sets of experiments were made for this purpose. As the results obtained were very similar, it has been thought sufficient to give one set of results, the probable errors being calculated from ten observati'ons'.
These have been calculated for the purpose of attaining a definite standard of accuracy defined as the probability that the error of any observation may lie within certain limits. This is determined by the number of samples taken.
The standard probability will be taken here as 0957 (22 to 1), i.e. three times the probable error, and the limit below which differences cease to be significant as 5 per cent. The least number of samples required for these three estimations is therefore 8, 43, and 30 respectively.
These are large numbers and it is to be remembered that the standard of probability assumed is somewhat low. It is more usual to require a probability of not less than 0-969 (30 to 1), i.e. a difference of 3-2 times the probable error, in which case the necessary number of samples would be 9, 49, and 34 respectively.
The value of the probable error deduced from such a small number as ten samples is, of course, only approximate but it shows clearly how important is the sampling error. The use of more samples would probably give a somewhat larger probable error but the labour involved in working even with ten samples is considerable.
'The importance of the sampling error in measurements of this kind does not appear to have been fully realised by previous workers. It is posible that the apples used in these determinations differed among themselves more than would have been the case had they been subjected to different treatment, and the error would probably have been considerably reduced if all the apples had been obtained from a single tree, since Kulisch [1892] has shown that apples from different trees may exhibit marked and constant differences; but whether this be so or not it is clear that the sampling error may be very large and from the nature of the material must be far from negligible in any experiments of this kind. Where experiments have been made on two or three fruits only, there can therefore be little doubt that the differences observed are not significant unless they are very large.
SUMMARY.
The juice obtained from apples after freezing has similar properties, whether the tissue is frozen rapidly by means of liquid air, or slowly by a freezing mixture.
The sugars and acids present in the tissues can be readily pressed out from the frozen and thawed pulp; colloidal substances, however, of which pectin is the most important, are held back to a large extent by the pulp, so that the amount of these substances present in the expressed juice is no measure of the quantity in which they are present in the tissues.
The samples investigated varied considerably, especially in acid content. These large fluctuations cause the probable error to be very large, and the number of samples required to give results significant within 5 per cent. for lowering of freezing point, for titration, and for conductivity, was 8, 43, and 30 respectively, when the standard of probability assumed was 0 957 (i.e. a probability of 22 to 1). The neglect of sampling errors in previous estimations of this nature detracts very seriously from the value of the results obtained and renders many of them worthless.
The work described above has been undertaken in conniection with investigations of Cold Storage problems which have been carried out for the Food Investigation Board of the Department of Scientific and Industrial Research. We are indebted to Professor V. H. Blackman for suggestions on which this work has been largely based, and also for much help and advice.
